Background/Aims: In our uest for new natural anticancer agents, we studied the cytoto icity of the essential oils e tracted from owers and leaves of Pallines spinosa. Methods: The essential oils were e tracted by hydrodistillation and solid phase microe traction (SPME) from owers and leaves of the plant and their composition was determined by GC/GC-MS. The cytoto icity of the oils was evaluated against MCF-7 and MDA-MB-231 breast adenocarcinomas, and the non-cancerous MCF-10-2A cells, using a ow cytometry-based assay. Apoptosis was evaluated by ow cytometry, nuclear staining, caspases activation, and estern blotting techni ues, and cell cycle by measuring DNA contents. Results: The hydrodistilled ower oil contained mainly ses uiterpenes (9 .39 ), while the leaf sample was dominated by o ygenated-ses uiterpenes (51. 0 ) and ses uiterpene-hydrocarbons (34.0 ). In contrast, the SPME oil contained mainly monoterpene-hydrocarbons (44.09 ) and ses uiterpene-hydrocarbons (34.15 ) in the ower and leaf samples, respectively. The cytoto icity of the ower oil against MCF-7 (IC 50 0.25 ± 0.03 μg/mL) and MDA-MB-231 (IC 50 0.21 ± 0.03 μg/mL) was much stronger than the leaf oil (IC 50 2.4 ± 0.5 μg/mL and 1.5 ± 0.1 μg/mL, respectively). The to icity of the ower oil was ~5 to 8-times less in normal MCF-10-2A (IC 50 1.3 ± 0.2 μg/mL) and blood mononuclear cells (2.80 ± 0.45 μg/mL) as compared to breast and hematological cancer cells, respectively.
Introduction
Breast cancer is one of the most reported tumors, and it is the second leading cause of cancer mortality in women worldwide, with more than 255,000 (highest among all types) new cases expected in the United States in 2017 [1, 2] . The ductal carcinoma is the most common type (90%) of non-invasive breast cancer, while lobular carcinoma and its pathogenesis, including, genetic predisposition, alcohol consumption, diet and obesity, breast cancer management is the surgical removal of the lump (lumpectomy), or the entire breast (mastectomy) depending on the stage. Other treatment modalities include radiation Treatment with cytotoxic chemotherapy in both early and advanced stages of breast synthetic and adjuvant therapies for early stage breast cancer, resistance to therapy remains a major challenge in the management of advanced stages of the disease [7] . Therefore, better understanding of the molecular signaling basis of breast cancer should provide further potential targets for novel therapies.
Alteration of apoptosis, the highly controlled process of programmed cell death, is the growth-promoting signaling pathways with a frequently occurrence in breast cancer overexpression of this receptor is the primary cause of suppressing apoptosis which leads to enhancing cell survival giving rise to uncontrolled proliferation and tumor growth [8] .
Both the extrinsic and intrinsic pathways of apoptosis have been shown to be disrupted in expression of survivin and decreased response to signaling by cell surface death receptors leading to inhibition of caspases involved in activating the extrinsic pathway of apoptosis [9,
Bcl-xL, and Mcl-1), and therefore inhibits the release of cytochrome c from the mitochondria (CDKs) are critical regulators of cell cycle progression and their activity is regulated through association with different regulatory cyclin subunits and endogenous cyclin dependent
As a way of defensive mechanism, some plants produce toxic secondary metabolites. Some of these compounds pose wide array of pharmacological activities and even found to be more toxic for cancer cells compared to the normal cells [15] . These compounds often become a source of new and better drugs via rational design in medicinal chemistry cosmetics, agrochemical and food industries. Recently, extensive efforts have been used in evaluating the cytotoxic capacity of essential oils, and particular focusing on those modulating apoptosis and cell cycle progression for their potential applications in cancer prevention and
The classical techniques for the determination of plant essential oils composition utilize two steps: extraction (solvent-based, steam distillation, hydrodistillation and solid phase (GC) or GC-mass spectrometry (GC-MS) [17] . The identity and possibly the quantity of the compounds in essential oils depend on the extraction method used. Solvent extracted oil may contain non-volatile compounds that affect the analysis step by GC and GC-MS. Steam distillation process is performed at 100 o C causing loss of several volatile components. Although hydrodistillation technique is more preferred over steam distillation, it has the disadvantage of potential thermal degradation of some compounds due to the long heating different volatility, including trace essential oil substances from a very little amount of plant essential oil for other purposes.
Pallenis spinosa sesquiterpenoids [21] . The hydrodistilled volatile oil from P. spinosa P. spinosa mediated by apoptosis and cell cycle disruption in both cancer cell lines.
Material and Methods

Technology.
Plant material and extraction of essential oils Pallenis spinosa were collected from "Kufor Asad" Town, located 15 Km to washed with double distilled water, then directly chilled in liquid nitrogen and powdered using a mortar a Clevenger apparatus [22] drop of distillate. The collected oil was dried over anhydrous sodium sulfate to remove any residual water, n-hexane at 4 ºC until used for GC and GC-MS analysis. The hydrodistilled essential oil yield was 0.
leaf of P. spinosa to trap the volatile compounds. Trapping and concentration of the volatile constituents by
GC and GC-MS Analysis of oil composition
n-hexane, and subjected to a n A mixture of n temperature-programmed run using column of identical polarity [22] . Quantitative analysis (% of area) was oil components were measured and used to extrapolate the concentration of the detected compounds. 
Cell culture conditions
Isolation of peripheral blood mononuclear cells (PB-MNC)
tubes, was performed using Lymphoprep™ density gradient medium and 50 ml SepMate™ separation tubes Table 1. ne hydrocarbons and oxygenated monoterpenes were also detected at higher percentage Conversely, the hydrodistillation was more effective in extracting oxygenated sesquitervs. vs.15.50%) of P. spinosa. Table 2) . ± SD of three independent experiments. The 50 value was determined using a non-linear regression and 4B). These changes were not affected by incubating the cells with necrostatin-1 prior to addition of the oils, supporting the fact that they were triggered by apoptosis rather than necrosis (data not shown). showing the percentages of early and late apoptosis are indicated for one representative experiment.
Cytotoxicity of F-PSEO and L-PSEO against breast cancer and normal cell lines
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The toxicity of F-PSEO and L-PSEO is mediated by apoptosis
Several reports have shown that the anti-proliferative activities of different essential oils towards various cancer cells are mediated
Role of caspases in F-PSEOand L-PSEO-induced apoptosis -
ly different and (*) for statistically untreated control. tosis induced by cytotoxic agents including plant extracts requires activation of terminal/ the essential oil-induced apoptosis, we examined whether treatments with various concen-( Fig. 4C and 4D ) and its enzymatic activation, along with caspase-7, by colorimetric assays (Fig. 5A) . These data suggest that the ability of both oils to promote MCF-7 cell death is highly, but not completely, dependent on caspase activation. On the other hand, z-VAD-FMK was less effective in reversing the in the absence of the general caspase inhibitor (Fig. 5B) . Thus, the results indicated that the
F-PSEP and L-PSEO alter the expression of Bcl-2 and Bax in breast cancer cells
The pro-and anti-apoptotic Bcl-2 family members play a critical role in apoptosis by regulating the translocation of cytochrome c into the cytoplasm to trigger activation antiapoptotic protein Bcl-2 and increased the expression of the proapoptotic factor Bax, while L remain unchanged (Fig. treatment with an identical concentration of these oils, respectively. Similarly, the protein 
F-PSEO and L-PSEO induce cell cycle arrest in the G0/G1 phase by modulating the expression of regulatory proteins
Several plant essential oils have been documented to arrest cell cycle leading to tumor from G1 to S phase than MCF-7 cells. While the percentage of MCF-7 cell population in G0/ Since changes in cell population at different treated cells, we analyzed whether these effects were accompanied by alteration in the level of G1 to S transition-regulatory factors. We observed that cyclin D1 along with the cyclin with potential anticancer activities aiming to develop novel chemotherapeutic agents for therapy are either natural products or based on natural products, including vinblastine, these studies, we have developed a dedicated research program to identify and characterize components of plants extracts possessing strong anti-proliferative activities. Therefore, the aim of the present study was to identify components of essential oils extracted from the P. spinosa, examine their anti-proliferative activity and characterize their effect on inducing apoptosis and cell cycle arrest against two different breast cancer P. spinosa MS analysis. Our oil yields by hydrodistillation are higher than that reported by Senatore as the major oxygenated sesquiterpenes. The variation in the essential oil content and age of the plant, climate, cultivar and methods of distillation employed [17] . Notably, the P. spinosa is only most abundant compounds of these two groups in leaf oil.
addition, the extraction in this method is performed at low temperatures, hence, the potential thermal degradation of some compounds is negligible when compared to hydrodistillation. activation resulting in cell death via increase the Bax/Bcl-2 ratio by reducing Bcl-2 and elevating Bax levels with increasing doses. This will allow Bax to form the homodimer channels in the outer mitochondrial membrane causing the translocation of cytochrome c to the cytoplasm to promote caspase activation.
Several plant essential oils have been shown to arrest cell cycle, leading to cell death, by lavender essential oil extracted from Lavandula angustifolia contains high percentages of linalool and linalyl acetate, which induce apoptosis and the arrest at G2/M phase of cell cycle
Callistemon citrinus inhibit cell cycle
Artemisia campestris and Artemisia herba-alba essential oils Leishmania promastigotes by apoptosis and halting cell cycle at G0/G1 stage that the cytotoxicity of P. spinosa essential oils is mediated by apoptosis and cell cycle arrest.
Overexpression of cyclin D1 is associated with the development, progression and elevated CDK4 phosphorylation activity is required to maintain the tumorigenesis of breast major sesquiterpene lactones deoxyelephantopin derived from Elephantopus scabe induces
Bos ellia sacra essential oil have been shown to suppress the expression of cyclin D1, cyclin
